ABSTRACT Tuta absoluta Meyrick (Lepidoptera: Gelechiidae), a pest of tomato, was recently detected in Panama in Central America and now threatens to expand into the important tomato production areas of Mexico and the United States. Moths caught in T. absoluta pheromone-baited traps must be removed and dissected to confirm the species present before containment and mitigation strategies are put in place. Timely processing of traps can be hindered by the presence of numerous similar nontarget moths that cannot be easily prescreened. Trapping systems using dry bucket traps or Delta traps with either hot melt pressure sensitive adhesives (HMPSA) or cool melt adhesives were evaluated for their effectiveness in trapping T. absoluta and for their ease in allowing identification of nontarget moths. Delta traps in Panama with HMPSA and cool melt adhesives both trapped T. absoluta with equal efficacy. In Florida, nontarget moths were easier to prescreen from bucket traps and HMPSA inserts. Importantly, moths found in bucket traps as well as on cool melt adhesive inserts were of a lower quality than those on HMPSA inserts, making identification more difficult. Studies conducted in Florida and Panama tomato and potato fields showed that commercially produced pheromones containing only the main pheromone component ((3E, 8Z, 11Z)-tetradecatrien-1-yl acetate) or containing both the main and minor pheromone component ((3E, 8Z)-tetradecadien-1-yl) attracted nontarget moths. Survey programs, particularly large-scale ones, should consider the application of alternative trapping systems or new adhesives available in order to facilitate the visual prescreening of nontarget moths.
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The tomato leaf miner (Tuta absoluta Meyrick (Lepidoptera: Gelechiidae)) is a pest of tomato, causing a 90-100% production loss in fields without adequate controls (Desneux et al. 2011 , Tropea Garzia et al. 2012 ) and is considered a major limiting factor for tomato production in areas of infestation (Ferrara et al. 2001) . Originally from South America, the pest has expanded its range throughout Europe, the Mediterranean Basin, and North Africa (Desneux et al. 2011) . In 2011, the Ministry of Agriculture of Panama reported the detection of T. absoluta in the Province of Chiriquí, Panama, near the border with Costa Rica. In addition, field studies testing the effectiveness of using pheromone for mass trapping conducted in Heredia, Costa Rica (Lobos et al. 2013) , indicated that the pest is moving through the region. Due to the threat of production losses, countries not known to have the pest have instituted trade restrictions and have invested in extensive survey programs (Animal Plant Health Inspection Service [APHIS] 2011, New Pest Advisory Group [NPAG] 2013) .
Pheromone traps baited with T. absoluta sex pheromone have been widely used in detection programs and to monitor populations (APHIS 2011 , Caparros Megido et al. 2013 , NPAG 2013 . Two components of T. absoluta's sex pheromone were identified and synthesized (Attygalle et al. 1995 (Attygalle et al. , 1996 Svatoš et al. 1996) . The major synthetic component, (3E, 8Z, 11Z)-3,8,11-tetradecatrienyl acetate, was found to have high biological activity in the field (Ferrara et al. 2001) . Although wind-tunnel experiments suggested that both components of the T. absoluta sex pheromone are important (Svatoš et al. 1996) , field evaluations demonstrated that the addition of the minor pheromone, (3E, 8Z)-tetradecadien-1-yl, to the major component did not significantly increase the trap catches of T. absoluta males in the field (Filho et al. 2000) .
To monitor T. absoluta, pheromone lures are typically used in combination with Delta or Jackson traps and cardboard inserts coated with a polyisobutylene sticky material (APHIS 2011) . Even though sticky traps are effective and used extensively for detection, both removal and identification of trapped specimens can be difficult (Murphy 1985 , Knodel et al. 1990 ). The sticky material often obscures or distorts critical characters needed for accurate determination and the specimen must be removed, usually using a solvent (Miller et al. 1993) . Additionally, extensive struggling by the moth often results in loss of scales making the target moth difficult to distinguish from similarly sized and shaped nontarget moths (Miller et al. 1993) . Final determination of T. absoluta is based on genitalia dissected from moths once they have been removed from the sticky inserts (APHIS 2011) . Preparation of suspect T. absoluta moths requires at least two hours for a single specimen (J. B., unpublished data). The best preparations are made from fresh specimens that are shallowly embedded in the matrix, although moths that are completely covered with sticky material often can still be used if they have not decomposed (Miller et al. 1993 ). As such, the ability to distinguish similar looking nontarget moths from T. absoluta is critical when large number of traps need to be processed in order to avoid the unnecessary hours in preparing and dissecting a nontarget insect. This would be particularly important in areas such as south Florida where a new gelechiid species, Sinoe capsana Lee, is frequently captured in T. absoluta traps (Lee and Brambila 2012) .
Dry traps that do not rely on sticky material are also used to capture insects. Plastic bucket traps combined with a lure are often used, as they can trap a large numbers of moths without damaging some of their identifying characters. In addition, processing moths from dry traps is faster than sticky traps (Knodel et al. 1990 ). However, in rainy regions the traps need to be modified to prevent water from being retained, as water can damage and rot specimens (Brambila et al. 2014 ). More recently, cardboard inserts coated with polybutene-based, sticky, hot melt, pressure sensitive adhesives (HMPSA) have been developed for insect traps (Hall et al. 2010 , Yee 2011 . These adhesives have the advantage that they can be handled without leaving sticky residues like cool melt adhesives (Yee 2011 ). Studies have shown that sticky cards with HMPSA are equally effective at catching Asian citrus psyllid Diaphorina citri Kuwayama (Hemiptera: Psyllidae) (Hall et al. 2010) and Western cherry fruit fly Rhagoletis indifferens (Diptera: Tephritidae) (Yee 2011) as cool melt adhesives.
Effective management of a pest such as T. absoluta relies on timely detection so that mitigation strategies can be put in place to lower the economic impact of the pest (APHIS 2011) . In this study, the objective was to determine which of several trapping systems is most efficient at detecting T. absoluta in areas where morphologically similar moths are also caught. An "efficient" trap would both effectively capture the target moth and allow for rapid screening of nontarget moths. A system that facilitated the processing of numerous traps would ultimately lead to a more rapid confirmation of the pest in a new area. First we tested if HMPSA adhesive coated cards effectively catch T. absoluta in studies conducted in Panama tomato and potato fields. Second we explored if the presence of the minor pheromone component reduces the prevalence of similar looking nontarget gelechiid moths commonly caught on T. absoluta traps in studies conducted in Panama and in Florida tomato fields. In addition, we explore if moths trapped in HMPSA adhesive placed in Florida tomato fields retain enough characteristics so that similar looking nontarget moths could be easily distinguished visually from potential T. absoluta.
Materials and Methods
Lures and Traps. To evaluate the potential attraction of T. absoluta pheromones to morphologically similar nontarget moths such as Keiferia lycopersicella (Walshingham), lures containing only the major pheromone component (3E, 8Z, 11Z)-tetradecatrien-1-yl acetate (Russell IPM, Deeside, Flintshire, United Kingdom) or both the major and the minor comment (3E, 8Z)-tetradecadien-1-yl (ISCAlure-Tuta, ISCA Technologies, Inc., Riverside, CA) were field tested in Florida and Panama. The lures were placed in yellow and white universal moth bucket traps (Great Lakes IPM, Inc., Vestaburg, MI) or on the center of the sticky inserts (15.5 by 18 cm 2 ) held in white plastic Delta Traps (Scentry Biologicals, Inc. Billings, MT). A kill strip (10% DDVP, Hercon Vaportape, Great Lakes IPM) and a cellulose sponge to absorb rain water were placed in the bottom of the bucket trap (Brambila et al. 2014) . To test the effectiveness of the HMPSA in trapping and retaining T. absoluta and in facilitating visual screening of nontarget moths, four different inserts were tested, two with HMPSA adhesives (Alpha Scents, Inc., West Linn, OR and Great Lakes IPM) and two with standard cool melt adhesive (Scentry and Trécé Inc., Adair, OK). All inserts were white except those from Great Lakes IPM, which were yellow. In Panama, each lure type (one component or two components) was combined with each of the five trapping systems (Bucket, or Delta with Alpha Scents, Great Lakes, Scentry, or Trécé insert). In addition, an un-baited Delta trap with a Scentry insert was included to record random movement into the traps. In Florida, the same treatments specified above were tested except that Delta traps with Trécé inserts were excluded. In both Panama and Florida locations, each trapping system was separated by 25 m and placed at least 5 m in from the edge of the field.
Field Locations. In Panama, the trapping study was conducted from April 14-22, 2012 in the province of Chiriquí. Four recently abandon tomato fields located in Cañas Gordas (8.714403, À82.852638) and one in Nueva Delly (8.738964, À82.882662) were selected because recent trapping indicated large populations of T. absoluta. The fields ranged from $0.25 to 1 ha, with the smaller fields of 0.25-0.5 ha having only one replicate (two fields in Cañ as Gordas). The larger fields, one in Cañ as Gordas and one in Nueva Delly, each had two and three replicates, respectively. Traps were hung on a trellis $0.75-1 m above the ground. In addition, three potato fields currently in production were selected. They were located in Entre Rios (8.869347, À82.584623), Guadalupe (8.849741. À82.575611), and Aras Cerro Punta (8.849986, À82.567474). Entre Rios and Guadalupe fields were larger ($2.25 ha) and allowed for two replicates and the third ($0.56 ha.) only one replicate. Traps were attached to stakes $0.5-0.75 m from the ground. Each trap system (bucket and Delta with one of the four inserts) with either one-component or two-component lures was replicated five times in potato and six times in tomato fields.
In Florida, the study was conducted from April 30-May 11, 2012 in an abandoned tomato field located in Miami-Dade County (25.680618, À80.476527). The plants were senescing with numerous unharvested tomatoes remaining on the vines, and they were no longer receiving any pesticide or fertilizer treatments. The field was $35 ha with sufficient area to include all five replicates of the treatments. This field was selected because recent trapping using two-component lures indicated that numerous nontarget moths had been caught. Traps were placed on stakes as explained above.
Trap System Evaluation. Both in Panama and Florida, the numbers of gelechiid suspect moths were counted daily. At the end of each experiment, all traps were collected from the field and the trap inserts were curled and placed in small plastic bag so that the adhesive would not touch itself or the plastic bag. In the laboratory, the total numbers of T. absoluta and nontarget moths were counted using a dissecting microscope (10Â). Traps were stored in a freezer until processing. Samples of T. absoluta and the nontarget moths were removed using standard techniques and sent to the USDA APHIS National Identification Services for identification.
Prescreening Nontarget Moths. The Florida traps were used to test if the captured moths could be determined as a nontarget species based on visual characteristics by the United States Department of Agriculture (USDA) designated specialists assigned to processing T. absoluta traps for the USDA Cooperative Agriculture Pest Survey (CAPS) program. All gelechiids found on the traps were rated as either clearly a nontarget moth and not necessary to remove or necessary to remove and dissect to confirm nontarget identification. Additionally, the quality of each specimen was rated on the trap (5 ¼ highest quality to 0 ¼ identification would not be possible to identify even if dissected). The screening test was not conducted on trap inserts with nontarget gelechiids from Panama, as these had very large numbers of the target moth, T. absoluta.
Statistical Analysis. The number of T. absoluta and nontarget moths caught in bucket traps or on Delta traps with one of the four insert types (trap) placed in tomato and potato fields (crop type), with either oneor two-component lures (lure) in Panama was analyzed by analysis of variance (ANOVA). Trap counts were Log10 transformed to meet ANOVA assumptions. For parameters that showed a significant main effect (P < 0.05) the means of each treatment were separated using a Student's t-test (JMP, Version 9.0, SAS Institute Inc., Cary, NC, 1989 -2007 . For the experiment conducted in tomato fields in Florida, the data did not meet the assumptions of ANOVA after transformation and therefore were analyzed using Kruskal-Wallis oneway analysis of variance. When the Kruskal-Wallis test indicated significant results for trap type then a Wilcoxon method was used to compare each pair (JMP, Version 9.0, SAS Institute Inc., Cary, NC, 1989 -2007 .
Results
Trap Type. In Panama, significantly more moths were trapped in tomato fields than in potato fields (F ¼ 4.68, df ¼ 1; P ¼ 0.03; Fig. 1 ). There were no differences in the number of T. absoluta caught in bucket traps or on inserts with HMPSA versus standard adhesives placed in Delta traps (F ¼ 1.30, df ¼ 4; P ¼ 0.07; Fig. 1 ). Trap saturation for inserts occurred when the number of moths reached $300 moths per trap, while no saturation limit was found for bucket traps. In Miami, there were significantly fewer (v 2 ¼ 15.38, df ¼ 3; P ¼ 0.002) nontarget gelechiid moths trapped in bucket traps compared to inserts with HMPSA adhesives (Alpha Scents: Z ¼ 3.44, P ¼ 0.001; Great Lakes: Z ¼ 3.22, P ¼ 0.001) or with standard adhesive (Scentry: Z ¼ 2.38, P ¼ 0.02) placed in Delta traps (Fig. 2) .
Trap Processing. A greater percentage of suspect moths trapped on HMPSA inserts could be visually determined as nontarget gelechiid than those trapped on inserts with standard adhesives (Table 1 ). The quality of the moths was greater for those trapped on HMPSA inserts when compared to those caught on Scentry traps or in bucket traps (Table 1) .
Lure Specificity. In Panama, very high numbers of moths were trapped in both tomato and potato fields. Individual traps placed in abandoned tomato fields that were no longer receiving pesticide treatments had maximum trap catches ranging over > 375 moths in a single day. Despite the large number of moths present, only one T. absoluta specimen was found on one nonbaited trap placed in an abandoned tomato field and none found on the traps in the potato fields. There were no nontarget moths caught in the nonbaited traps in either tomato or potato fields. There were no differences in the number of T. absoluta or nontarget gelechiid species caught using either the one-component or two-component lures in tomato and in potato fields (F ¼ 0.18, df ¼ 1; P ¼ 0.67; Table 2 ). The number of nontarget moths found in a trap ranged from 0-14 moths per trap and 0-11 moths per trap in tomato and potato, respectively. The nontarget moths trapped were identified as S. capsana.
In Miami, the target moth T. absoluta was not found on baited traps or nonbaited traps. No gelechiid moths were found on nonbaited traps. There was no difference (v 2 ¼ 0.30, df ¼ 1; P ¼ 0.58) in the number of nontarget moths trapped in one-component (mean 6 SE: 2.1 6 0.6/trap) or two-component baited traps (mean 6 SE: 1.79 6 0.3/trap). Like in Panama, the nontarget moths trapped in the Florida tomato field were identified as S. capsana.
Discussion
Timely detection of T. absoluta may help reduce the spread and economic impact of the pest by allowing for a more rapid response in new areas of invasion. Pheromone traps baited with T. absoluta sex pheromone offer a viable tool for detections programs (APHIS 2011) . However, prompt identification of the target pest is hampered by the difficulty and the time expended in removing and dissecting nontarget moths.
The type of trapping system used may help expedite trap processing. In this study, bucket traps placed in Panama tomato and potato fields caught similar numbers of T. absoluta as traps with sticky inserts. In additional, bucket traps had significantly fewer nontarget moths than traps with inserts. A further benefit of bucket traps arises from the substantial time saved in processing the sample, as suspect moths do not need to be removed from an adhesive. In a field study comparison of nonsticky and sticky pheromone traps for moth fruit pest in western New York, Knodel and Angello (1990) found nonsticky traps required less preparation and handling time and the specimens were also easier to identify in nonsticky traps than those caught in the sticky traps. However, the bucket traps have a major disadvantage in that they retain water, resulting in specimens quickly degrading and becoming unidentifiable. Modifications to prevent or reduce the amount of water entering the trap have been developed (Brambila et al. 2014) , including drilling drainage holes and a sponge at the bottom of the trap. In this study, water was still found standing in the traps despite the modifications, which was likely the cause of the lower quality specimens. In addition, moths were found to imbed themselves in the sponge, further damaging the specimen. HMPSA inserts may offer a means to rapidly visually screen traps of similar looking nontarget gelechiids. In Florida, nontarget moths were easier to prescreen and had the highest quality rating when found on HMPSA inserts. Due to the hard viscosity and shallow depth of the adhesive, moths did not become deeply imbedded. As a result, the moths' scales remained in place so that characteristics such as color and wing pattern could be used. S. capsana could be readily distinguished from T. absoluta by a whiter coloring seen on HMPSA traps placed in Panama and in Florida. In addition, there were no differences in the number of moths trapped on the inserts. Therefore, the inserts appear as effective in capturing and retaining moths as other adhesives when placed in Delta traps. How HMPSA traps perform when directly exposed to debris or dust when not protected by a cover compared to conventional adhesives still needs to be determined. Moths trapped at the edges of the HMPSA inserts experience the most damage due to the repetitive reinsertion after daily counting. Such damage would not be as likely in surveys, as protocols usually do not require multiple inspections as done in this study (APHIS 2011) .
This study showed that the nontarget moth S. capsana was readily attracted to the T. absoluta pheromone. Adding the minor component did not increase the specificity of the pheromone trap, as a similar number of nontarget moths were found on baited traps in both Panama and Miami. This suggests that the nontarget moths are attracted to the major component, as (3E, 8Z, 11Z)-tetradecatrien-1-yl acetate was common to both lures used. S. capsana is commonly trapped on T. absoluta traps baited with two-component lures used in the CAPS survey programs. Interestingly, the holotype and paratype specimens for the nontarget species, S. capsana, were first collected from T. absoluta pheromone-baited traps (ISCAlure-Tuta, ISCA Technologies, Inc., Riverside, CA) placed in South Florida (Lee et al. 2012) . The number of S. capsana caught on traps used for the U.S.A. CAPS program can vary from a few individuals to over a hundred per trap (J. B., unpublished data). In this study, nontarget moths were found more often when the field was completely abandoned and tomato plants were senescing and rotted tomatoes were present. Other species of nontarget moths have been found on T. absoluta pheromone-baited traps including the tomato pinworm Keiferia lycopersicella both in Panama and Florida and a native Tuta species although much less frequently than S. capsana (J. B. and C. K. unpublished data). Adding the minor component, (3E, 8Z)-tetradecadien-1-yl, to the lure did not increase the number of T. absoluta trapped in Panama. This is similar to the results of field evaluations conducted in Brazil. Filho et al. (2000) demonstrated that the addition of one (3E,8Z)-tetradecadien-1-yl acetate or two isomers of minor pheromone component, (3E,11Z)-tetradecadienl-yl acetate and (8Z,11Z)-tetradecadien-1-yl acetate, did not significantly increase the trap catches of T. absoluta males.
The numbers of T. absoluta trapped were extremely high in Panama in both tomato and potato fields. Fields with active tomato production received regular, weekly applications of pesticides and at times more frequently. This is similar to other South American tomato production systems where management relies on preventive weekly or biweekly pesticide applications to control T. absoluta as well as other pests such as whiteflies. In tomato fields, the trap catches clearly reflected a growers' use of pesticides with number trap catches in cultivated field averaging 28-62 moths per trap per week and fields no longer receiving regular pesticide applications averaging 97-265 moths per trap per week. There was also an apparent relationship with the number of leaf mines increasing and the growers' decreased uses of pesticides in a tomato field (A. R. unpublished data). In potato, no T. absoluta larvae mines or immature life stages were observed in the fields despite trap numbers averaging 81 moths per trap per week.
In Europe, the introduction of T. absoluta caused growers to increase their use of insecticides in tomato fields (Desneux et al. 2011) . In Panama, growers are not reporting additional need for pesticide applications or additional economic losses since the detection of the pest in 2011 (C. K., unpublished data). This observation along with the high populations seen in the fields suggests that the pest has been present in the area prior to its first detection. Although not reported in Central America for near 50 yr, T. absoluta is thought to be native to the region (Desneux et al. 2011) .
T. absoluta has moved rapidly through new areas of invasion causing severe economic damage and is a major threat to countries such as Mexico, United States, Canada, China, and India, whose tomato exports are important for the economy (Desneux et al. 2011 , NPAG 2013 . Early detection followed by a rapid management response may mitigate the negative impacts of the pest. In large-scale survey programs, the immense volume of traps deployed and the labor-intensive process of removing and dissecting suspect moths leads to a backlog of unprocessed traps. Survey programs should consider the application of alternative trapping systems or new adhesives available in order to facilitate the visual prescreening of nontarget moths.
